Background: The Trauma and Injury Severity Score (TRISS) has been criticized for being based on data from the USA and Canada-high-income countries-and therefore, it may not be applicable to low-income and middleincome countries. The present study evaluated the accuracy of three adjustments to the TRISS equation model (NTRISS-like; TRISS SpO 2 ; NTRISS-like SpO 2 ) in a high-income and a middle-income country to compare their performance when derived and applied to different groups. Methods: This was a retrospective study of trauma patients admitted to two institutions: a university medical center in São Paulo, Brazil (a middle-income country), and a level 1 university trauma center in San Diego, USA (a high-income country). Patients were admitted between January 1, 2006, and December 31, 2010. The subjects were 2416 patients from Brazil and 8172 patients from the USA. All equations had adjusted coefficients for São Paulo and San Diego and for blunt and penetrating trauma. Receiver operating characteristic (ROC) curves were used to evaluate performance of the models. Results: Regardless of the population where the equation was generated, it performed better when applied to patients in the USA (AUC from 0.911 to 0.982) compared to patients in Brazil (AUC from 0.840 to 0.852). When the severity was considered and homogenized, the performance of equations were similar to both application in the USA and Brazil. Conclusions: Survival probability models showed better performance when applied in data collected in the high-income countries (HIC) regardless the country they were derived. The severity is an important factor to consider when using non-adjusted survival probability models for the local population. Adjusted models for severely traumatized patients better predict survival probability in less severely traumatized populations. Other factors besides physiological and anatomical data may impact final outcomes and should be identified in each environment if they are to be used in the development of the trauma care performance improvement process in middle-income countries.
Background
The Trauma and Injury Severity Score (TRISS) methodology is widely accepted in assessing quality of care and promoting improvements in trauma care despite criticism for being derived from a database on trauma victims in the USA and Canada, presenting results and regression coefficients that relate to these countries' realities [1] . USA and Canada present mature trauma systems, and their results can serve as targets to be achieved by other countries. However, those systems do not reflect the difficulties in providing care faced in other countries due to specific geographic, economic, and sociodemographic characteristics, standards for health care systems, and local morbidity and mortality rates [2] .
Trauma quality improvement programs are a fundamental part of trauma care systems in developed countries and have been used in some low-income and middle-income countries with good results [3] . These programs seek to provide care to trauma patients in a planned sequence, assess compliance with established standards, and reduce variability of care in order to reduce costs while maintaining quality of care [4] . The TRISS and its derivations are an important tool in various techniques used to monitor quality of care for trauma patients, so the better its accuracy in estimating the probability of survival, the better its performance in trauma care quality improvement programs.
The adjustment of the survival probability equation coefficients according to the local population has been indicated despite the results of studies that show similar performance. Equations based on data from highincome countries do not seem to fit for use in lowincome and middle-income countries [5] [6] [7] [8] [9] [10] [11] .
The present study aimed to adjust the coefficients of three variations of the TRISS-NTRISS-like, TRISS SpO 2 , and NTRISS-like SpO 2 -for patients in the institutions in São Paulo (Brazil) and San Diego (USA) and compare the discriminatory ability of these equations when applied to different groups of trauma patients. These models have been evaluated in other study in which they have shown good accuracy (about 89.5%) and performance similar to other, previously published adjustments of the TRISS [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In these three variations, the Revised Trauma Score (RTS) was replaced in order to obtain the most adequate variables, according to their availability and which reflect the patient's physiological condition.
The objective of the present study was to evaluate the accuracy of three variations of the TRISS in two different contexts: a level 1 university trauma center in San Diego County in the state of California, USA (a high-income country), and a university medical center located in the city of São Paulo, Brazil (a middle-income country).
Methods
This was a retrospective study of trauma patients admitted to two centers: the Clinical Hospital of the College of Medicine of the University of São Paulo (HCFMUSP), a university medical center in São Paulo, Brazil (a middle-income country), and the Medical Center of the University of California at San Diego (UCSDMC), a level 1 university-based trauma center in the USA (a high-income country). The patients were admitted between January 1, 2006, and December 31, 2010. Victims of blunt or penetrating trauma aged 14 years or older were included in the study. Patients who were admitted to HCFMUSP and UCSDMC after 24 h of the traumatic event or transferred from other hospitals were excluded from the study. The traumatic events considered are listed in Chapter XX of the World Health Organization's 10th International Classification of Diseases [22] , excluding cases of hanging, suffocation, drowning or near drowning, poisoning, burns, and electrocution.
The data source for collecting information on patients in HCFMUSP was hospital records selected from a list containing the names and hospital record numbers of all patients hospitalized due to trauma. Patients who met the inclusion criteria were identified through the Hospital Information and Management System. Of the 3576 patients identified, 2416 were included in the study, making it a non-random sample composed of 67.6% of all cases.
At UCSDMC, the trauma patients admitted during the study period were identified in the institution's database, which already contained all the necessary information for the research. In total, 8172 patients met the inclusion criteria, and access to information was obtained for all of them.
Thus, two matrix databases were generated: one for HCFMUSP, with 2416 patients, and one for UCSDMC, with 8172 patients. Three hundred patients were randomly selected from each of these databases, each record having all the information required to calculate the probability of survival rates, and these databases were designated the test databases. The information from other patients was grouped into derivation databases, forming two other databases: one for HCFMUSP, with 2116 patients, and one for UCSDMC, composed of 7872 patients.
Considering the disproportion between the number of patients in the HCFMUSP and the UCSDMC derivation database (2116 versus 7872), weight of 3.72 was given to each of the HCFMUSP patient in order that both database had the same weight in the coefficient derivation.
The test databases were used to evaluate the accuracy of the models, while the derivation databases were used to adjust the coefficients to the study population. The models applied were as follows: NTRISS-like (best motor response (BMR), systolic blood pressure (SBP), New Injury Severity Score (NISS), and age); TRISS SpO 2 (Glasgow Coma Scale (GCS), SBP, peripheral oxygen saturation (SpO 2 ), Injury Severity Score (ISS), and age); and NTRISS-like SpO 2 (BMR, SBP, SpO 2 , NISS, and age). In the TRISS SpO 2 and NTRISS-like SpO 2 , respiration rate was replaced with SpO 2 , considering that respiration rate is often not available in the primary assessment scenario, and observed changes in it cannot be directly related to respiratory function because of pain and psychological stress [23] . Furthermore, obtaining respiratory rate consumes time at a stage in treatment in which there is an urgent need for other approaches. In the NTRISS-like and NTRISS-like SpO 2 , the GCS was replaced by the item BMR on the scale, to enable the inclusion of intubated patients in analysis. Moreover, the NISS, which corrects the limitations of the ISS, was the anatomical index included in these variations of the TRISS [19, 24] .
The demographic and clinical variables of patients were submitted to descriptive analysis, comparing the HCFMUSP and UCSDMC groups. The Pearson's chisquare test was used for categorical variables, and ANOVA was used for continuous variables. The coefficients generated for all equations analyzed in this study were derived by means of logistic regression analysis. A 5% significance level was used for all tests.
Four equations were derived for each of the TRISS variations: two from the HCFMUSP and two from UCSDMC derivation database (one for blunt and other for penetrating trauma). These equations were validated in the HCFMUSP and UCSDMC test databases. The ROC curve and predictive ability of the models in each of the applications were evaluated. ROC curve performance was compared by DeLong's Algorithm using pROC e clinfun programs [25] [26] [27] .
Results
The patient groups from HCFMUSP and UCSDMC were compared in relation to the characteristics presented in Table 1 . The results showed statistically significant differences between the two groups in terms of all variables analyzed (p < 0.001).
Coefficients were derived for each of the TRISS variations, as shown in Table 2 . All of the equations generated were validated in the HCFMUSP and UCSDMC test databases, and their performance was compared, as shown in Fig. 1 and Table 3 . Figure 1 shows that there was no statistically significant difference (p > 0.05%) between the three models in each of the applications; therefore, the variations of TRISS had equivalent performance when applied to the same sample. Together with the information from Table 3 , Fig. 1 shows that the performance of the equations was different when applied to patients in the origin institution and patients of the other institution: the equations derived from the HCFMUSP patients applied on the test database of the same hospital had an AUC of approximately 0.85 and in the San Diego group had an AUC between 0.911 and 0.982. Moreover, the application of equations derived in San Diego resulted in an AUC of about 0.95 when applied to the group of patients from the same institution and less than 0.85 on the group from HCFMUSP. The AUC was higher when the equations were applied at UCSDMC.
This may be because UCSDMC data included more low severity patients, which are easy population to predict outcome, than HCFMUSP. Patient characteristics are obviously different, so the predictive performance could be different. To exclude this possible bias, the models were derived and applied in patients with the same severity according to the ISS (< or ≥16). Table 4 shows that the models had similar AUC when applied to HCFMUSP and UCSDMC.
Discussion
The equations derived with data from HCFMUSP and that derived with data from UCSDMC showed greater accuracy when applied to the San Diego population than to patients from São Paulo. However, deriving and applying the models (HCFMUSP and UCSDMC) in these two populations classified by severity, equations presented similar accuracy both in São Paulo and in San Diego.
The application of the equations to patients from HCFMUSP with coefficients adjusted to this population did not increase the accuracy of the models (AUC between 0.848 and 0.852), since the equations adjusted to patients from UCSDMC had similar performance in this hospital (AUC between 0.840 and 0.849). This result raises uncertainties about the importance of adjustments of survival probability rates to the local realities where they are applied. This uncertainty is also reinforced by the results of other studies that have shown equivalent or worse performance of the TRISS after these coefficient adjustments [1, 6, [28] [29] [30] [31] [32] .
The accuracy of the models was similar to the same test population, and all the equations presented better performance when validated for patients from UCSDMC, regardless of the group in which they were derived. Considerations should be made about these observations.
The characteristics of the population in which the equations were validated have contributed to this result, since the performance was better in the UCSDMC group. The subjects in the groups differed significantly in all statistical comparisons. Most of the patients from the two institutions received prehospital care. In HCFMUSP, there was a predominance of basic life support, while in UCSDMC, there was a predominance of advanced life support (ALS). Considering the severity of HCFMUSP, it is desirable that they receive ALS prehospital care. The length of hospital stay, frequency of admission to ICU, and surgical procedures were significantly higher among those admitted to HCFMUSP. As regards severity, the São Paulo patients were more severely traumatized than those in San Diego. Mortality in HCFMUSP was significantly greater than that in UCSDMC.
UCSDMC data included more low severity patients, which are easy population to predict outcome, than HCFMUSP. As the characteristics are obviously different, so the predictive performance could be different. When the accuracy was evaluated considering the trauma severity by ISS, the results showed similar AUC for both HCFMUSP and UCSDMC equations, regardless of the group they were applied.
Evaluating the AUC of the applied equations in the HCFMUSP population, five in six presented better performance when the equations were derived and applied in patients with the same severity (0.862-0.926) than in general population (0.840-0.852). These findings were not found in the population of San Diego, who presented smaller AUC when analyzed by equations derived and applied in similar patients for severity (0.849-0.936 versus 0.911-0.982).
In addition to severity, other factors should be considered. The two patient groups were inserted into different social, political, and economic realities. Additionally, the group that was more severely traumatized was cared for in a hospital that is a reference center for trauma care in an emergency care network that is in an organizational phase (HCFMUSP). The other group of patients, who were less severely traumatized, was cared for in a level I trauma care center (UCSDMC), inserted into a consolidated system of care for trauma victims with established prevention programs. The UCSDMC is part of a consolidated and wellestablished trauma system and has a low mortality rate. A well-structured care system allows greater uniformity and predictability of care provided to victims of trauma, with less chance of non-adherence to care protocols [33] . In addition, UCSDMC works with an activation protocol for the trauma team, which prepares to receive patients prior to arrival at the hospital. Better results have been shown for individuals who are treated in accordance with this protocol [16] , which has certain advantages: it enables better communication between the emergency and hospital care teams; it allows prior availability of resources that patients might need; it involves teams in order to evaluate patients as a whole and properly prioritize investigations; and it creates a suitable setting for trauma education and research [16] .
In HCFMUSP, trauma patients receive care in the emergency room and are treated by the medical staff of emergency general surgery, who are responsible for treating all surgical emergencies admitted to this sector. Other health care professionals, including nurses, do not have specific training for trauma. The mortality rate in this institution was 17.5%, but mortality between 1 and 38% was found in the literature [34] .
Studies have linked improvements in the results of care for trauma patients with regionalized trauma systems with trauma center designation [13, 16] . Wellstructured trauma care systems enable better distribution of resources, respecting the "golden hour" and offering all severely traumatized patients' complexity of treatment according to need. Patients with similar needs receive treatment according to specific protocols based on those needs.
There is an increasingly critical need for the creation of a Brazilian system of trauma care, not only to improve trauma records but also to strengthen quality improvement programs, enhance the results of trauma care, decrease mortality rates, and allow the return of these individuals to society with quality of life. The training of professionals deserves special attention in this process. Some trauma training programs of the American College of Surgeons Committee on Trauma, Society of Trauma Nurses, and National Association of Emergency Medical Technicians are available nationally.
Access to the highest level of care, injury prevention strategies, system-wide quality assurance, populationbased surveillance of injury-related problems, disaster preparedness programs, financial viability, and integration with the existing health system are critical elements of an integrated system and should be addressed to an effective trauma system in Brazil.
This study presented some limitations. The sample of patients from HCFMUSP was not random, because access to the records was according to their availability. However, according to information from persons responsible for the division of medical records, the search for the records requested was casual. We used the 2005 version 2008 update for coding the injuries of the patients from HCFMUSP and the 1998 version for patients from UCSDMC. This difference occurred because in the data from HCFMUSP, the injuries were coded recently and the current AIS version was used. In San Diego, the AIS codes were established at the same time as the inclusion of records in the database, and the records were coded according to the 1998 version. In one study in Australia comparing the use of these two versions in 
Conclusions
Survival probability models showed better performance when applied in data collected in the HIC, regardless the country they were derived-high-or middle-income country. The severity is an important factor to consider when using non-adjusted survival probability models for the local population-adjusted models for severely traumatized patients better predict survival probability in less severely traumatized populations, as adjusted survival probability models for the local population. More severely traumatized populations benefit when survival probability models were adjusted according to the trauma patients' severity. 
